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1
POSITIVE DISPLACEMENT PUMP

BACKGROUND

1. Field of Invention

The present disclosure relates to downhole pumping sys-
tems submersible 1n well bore fluids. More specifically, the
present disclosure concerns a pumping system having a posi-
tive displacement pump where the pump reciprocatingly
operates 1n response to expansion and contraction ol an oper-
ating liquid.

2. Description of Prior Art

Submersible pumping systems are often used 1n hydrocar-
bon producing wells for pumping fluids from within the well
bore to the surface. These flmds are generally liquids and
include produced liquid hydrocarbon as well as water. One
type of system used 1n this application employs a electrical
submersible pump (ESP). ESPs are typically disposed at the
end of a length of production tubing and have an electrically
powered motor. Often, electrical power may be supplied to
the pump motor via wireline.

In many gas wells water (and possibly other liquids) 1s also
produced with the gas. As the two-phase gas/liquid mixture
enters the wellbore from the formation, the gas separates from
the mixture and tlows up the well through production tubing.
Any liguid not trapped within the gas will flow down the
wellbore and accumulate 1in the wellbore bottom. Accumu-
lated liguid 1n the wellbore of a gas producing well can be a
problem since 1t can reduce or prevent gas tlow 1nto the well.
To overcome the liquid accumulation problem, dewatering
techniques are often employed 1n water producing gas wells.
Dewatering typically involves inserting a submersible pump
in the wellbore to pump the hiquid from the wellbore or
producing a pressure differential between the wellbore and
production tubing thereby forcing the liquid to the surface
through the tubing.

One type of submersible pump for wellbore use comprises
a centrifugal pump driven by a submersible electrical motor.
The pump has a large number of stages, each stage compris-
ing a diffuser and an impeller. Another type of pump, called
progressive cavity pump, rotates a helical rotor within an
elastomeric helical stator. In some installations, the motor for
driving a progressive cavity pump 1s an electrical motor
assembly attached to a lower end of the pump. Centrifugal
pumps are normally used for pumping higher volumes of well
fluid than progressive cavity pumps.

SUMMARY OF INVENTION

The present disclosure includes a downhole submersible
pumping system for use 1n a cased wellbore. The pumping,
system comprises an elongated housing having a first end and
a second end, a piston formed for coaxial movement within
the housing. The piston includes a first side and a second side.
An expandable fluid 1s included that 1s disposed 1n the hous-
ing 1n pressure contact with the piston first side. An let 1s
formed 1n the housing for recerving wellbore fluid within the
housing, the 1inlet 1s in pressure contact with the piston second
side. A heat source 1s included that 1s 1n thermal communica-
tion with the expandable fluid. In one optional embodiment,
the portion of the housing between the piston first side and the
housing first end defines the expandable fluid section. The
portion of the housing between the piston second side and the
housing second end defines the wellbore fluid section. The
system may further comprise a one way valve 1n the discharge
line. A resilient member, such as by example a spring, may be
employed for upwardly urging the piston. The expandable
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fluid may comprise a silicon based tluid. In one embodiment,
the coellicient of thermal expansion of the expandable tfluid 1s

at least about 0.0005 in>/in>/° F.

Also included herein 1s a method of pumping fluid from a
wellbore. The method comprises disposing a pumping system
into the wellbore, wherein the pumping system comprises a
housing having a motive fluid section and a working fluid
section. The system 1ncludes a piston reciprocatingly dis-
posed 1n the housing. An expandable fluid 1s included that 1s
in the motive fluid section. The housing includes an inlet
configured to recerve wellbore fluid into the working tluid
section and a discharge line 1n fluid commumnication with the
working fluid section. A heat source 1s included that 1s 1n
thermal communication with the motive fluid section. The
piston defines a barrier between the motive fluid section and
the working fluid section. The method further comprises heat-
ing and expanding the expandable fluid causing 1t to urge the
piston into the working flmid section. This forces wellbore
fluid from the working fluid section into the discharge line.
The step of heating the fluid may comprise selectively acti-
vating the heat source.

The scope of the present disclosure includes a wellbore
assembly 1ntersecting a subterranean hydrocarbon producing
zone. The assembly comprises, a wellbore lined with casing,
a perforation providing fluid communication between the
hydrocarbon producing zone and the wellbore, and a pump-
ing assembly disposed 1n the wellbore. The pumping assem-
bly comprises a pump housing having an expanding fluid
section and a working fluid section. A piston 1s in the housing
that coaxially slides within the pump housing. The piston
separates the expanding fluid section from the working tluid
section. In the housing 1s expanding fluid 1n the expanding
fluid section an inlet configured to allow selective ingress of
wellbore fluid 1nto the working fluid section. A heat source 1s
disposed 1n the housing and in thermal communication with
the expanding flud.

BRIEF DESCRIPTION OF DRAWINGS

Some of the features and benefits of the present invention
having been stated, others will become apparent as the
description proceeds when taken in conjunction with the
accompanying drawings, 1n which:

FIG. 1 depicts 1n cross sectional view, an embodiment of a
dewatering system disposed 1n a wellbore.

FIG. 2 1s a cross sectional view of an operational mode of
an embodiment of the dewatering system of FIG. 1.

While the invention will be described 1n connection with
the preferred embodiments, i1t will be understood that 1t 1s not
intended to limit the mvention to that embodiment. On the
contrary, 1t 1s intended to cover all alternatives, modifications,
and equivalents, as may be included within the spirit and
scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF INVENTION

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings in
which embodiments of the invention are shown. This mven-
tion may, however, be embodied 1n many different forms and
should not be construed as limited to the illustrated embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be through and complete,
and will fully convey the scope of the mvention to those
skilled in the art. Like numbers refer to like elements through-
out.
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The present disclosure provides embodiments of a down-
hole submersible pumping system for producing tluids from
within a wellbore up to the surface. More specifically, the
pumping system disclosed herein includes an expandable
fluid that may expand 1n response to heating. The expandable
fluid 1s contained within a housing adjacent a piston, where
the piston 1s coaxially slidable within the housing. Thus
expansion of the expandable fluid pushes against the piston to
slide 1t within the housing. The piston’s sliding action creates
a pumping action used for urging a wellbore tluid out of the
housing and 1nto an associated discharge pipe. Ultimately the
cyclic expansion of the fluid pumps the fluid to the wellbore
surface. The fluid’s heating source 1s selectively activated,
thus when deactivated the fluid may be cooled. Cooling the
expandable fluid decreases its volume and allows additional
wellbore fluid to be drawn into the pumping system. Re-
heating the fluid expands it and repeats the cycle of pumping
wellbore fluid to the surface. Thus, repeating action of heating,
and cooling of the expandable fluid, 1n conjunction with
allowing wellbore fluid mto the pumping system, produces a
pumping action.

FI1G. 1 provides a cross sectional side view of one embodi-
ment of a pumping system 10 disposed within a wellbore 5.
The pumping system 10 comprises an elongated body 14 that
1s generally hollow and houses an expandable fluid 16, a
piston 22, and a heating element 18. As shown 1n FIG. 1, the
pumping system 10 1s partially submerged in wellbore fluid
28 residing 1n the bottom portion of the wellbore 5. The
wellbore tluid 1s primarily a combination of water and small
amounts of liquid hydrocarbons and hydrates. The wellbore
fluid 28, which originally was connate fluid resident 1n the
corresponding formation 7, flows into the wellbore 5 via
perforations 9 that extend through the casing 6 that lines the
wellbore 5 and 1nto the surrounding formation 7. Arrows Al
in FIG. 1 represent gas tlowing in the annulus between the
pumping system and casing 6 {from the perforations 9 up to the
surface.

The housing 14 includes an inlet 30 formed to receive
wellbore fluid 28 within its confines. The inlet 1s supplied
with a one way valve 32 (that may optionally be a check
valve) selectively operatable based upon a pressure difieren-
tial across the valve 32. When ambient pressure within the
wellbore 5 exceeds pressure within the lower portion of the
housing 14 the valve 32 opens and allows wellbore fluid into
the lower section of the housing 14. Consequently, this lower
section of the housing 14 between the bottom most portion of
the housing and the lower face (also referred to herein as the
second side) of the piston 22 1s referred to as the wellbore
fluid section. A spring 26 1s shown coaxially disposed 1n the
wellbore tluid section. However any resilient member may be
substituted for the spring.

The expandable fluid can be any fluid that expands its
volume 1n response to an applied heat source. In one embodi-
ment, the expandable fluid 16 has a temperature coetlicient of
volume thermal expansion of at least about 0.0005 1n3/1n3/°
F. In another embodiment, the expandable fluid comprises
any silicon based fluid. In yet another embodiment, the
expandable fluid comprises a Syltherm 800 silicon based heat
transfer fluid, obtamnable from Dow Chemical Company.
Syltherm 800 has an average temperature coellicient of vol-
ume thermal expansion of 0.00101 1n3/1n3/° F. when in the
range of —42 to +750° F. However, other expandable fluids
may be used 1n conjunction with the pumping system.

In the embodiments of FIGS. 1 and 2, the heat source 1s a
heating element 18 disposed in the portion of the housing 14
having the expandable fluid 16; which 1s the section referred
to herein as the expandable fluid section. The expandable
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fluid section defines that region within the housing between
the upper surface (also referred to as the first surface) of the
piston 22 and the upper portion of the housing 14. Optionally,
heating could occur in many different ways, such as a heat
exchanger that transfers thermal energy from within the well-
bore to the expandable tluid 16. An electrical line 20 1s shown
that may be used for selectively energizing the heating ele-
ment 18. In one embodiment the heating element 18 com-
prises an electrical resistance wire. Also shown 1s a cable 12
attached to the housing 14 for raising and lowering the hous-
ing within the wellbore 5. As will be discussed in further
detail below, the system 10 includes a discharge line 34 1n
fluid communication with the working fluid section of the
housing 14. In one embodiment, the discharge line 34 may
have sufficient structural integrity for raising and lowering the
system 10 within the wellbore 5 thereby replacing the need
for the cable 12.

With reference now to FIG. 2, one example of a fluid
expansion or pumping mode 1s shown 1n a cross sectional side
view. In this example, expandable fluid 16 has been heated
and expanded. The piston 22 1s moved by the fluid expansion
within the housing 14 and into the working fluid section. In
this mode, fluid pressure within the working flud section
exceeds the wellbore pressure thereby precluding flow of
wellbore fluid 28 into the housing 14 through the one way
valve 32. Instead, wellbore fluid 28 within the wellbore fluid
section 1s discharged through the discharge line 38 thereby
opening a second one-way valve 36 and pumping wellbore
fluid 28 to the surface via the discharge line 34. Also, shown
FIG. 2, the spring 26 1s 1n a fully compressed position.

Removing the heat source from the expandable fluid 16
allows the fluid 16 to cool and contract. This cooling may be
aided by heat transfer from the housing 16 into the surround-
ing wellbore 5. The heat transfer may be enhanced by well-
bore fluid 1.e. etther gas flowing upward pass the outer surface
in the housing from the perforations, or the presence of well-
bore tluid outside of the housing 14. Additionally, cooling fins
may be supplied to the outer surface of the housing 14 to
turther increase heat transfer. Contraction of the expandable
fluid thereby decreases the pressure of the expandable fluid
section of the housing.

When the combination of the force of the compressed
spring 16 and ambient wellbore pressure exceeds the pressure
in the expandable fluid section, the piston 22 will move
upward within the housing 14. Upward piston movement
correspondingly decreases the volume of the expandable
fluid section with an increase 1n volume of the working flmids
section. During this cycle, the piston 22 1s moved upward 1nto
its 1nitial stroke position. The pumping process may then be
repeated by selectively activitating the heat source to reex-
pand the expandable fluid and pump the wellbore fluid 28
from the wellbore fluid section, deactivating the heat source,
and so on thereby reciprocating the piston 22 within the
housing 14 to produce a pumping action. Accordingly, expan-
s1on of the expanding fluid 1s a motive force for pumping onto
the wellbore fluid (also referred to as the working tluid).

Seals 24 may be optionally provided around the outer
periphery of the piston 22 to seal the area residing between the
piston 22 and the housing 14. This will prevent migration of
expandable fluid from the expandable fluid section into the
working fluid section and vice versa. Thus the piston 22 and
seals 24 provide a barrier 1n the housing between the expand-
able fluid and wellbore fluid (working tluid).

It 15 to be understood that the invention 1s not limited to the
exact details of construction, operation, exact materials, or
embodiments shown and described, as modifications and
equivalents will be apparent to one skilled 1n the art. In the
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drawings and specification, there have been disclosed 1llus-
trative embodiments of the mnvention and, although specific
terms are employed, they are used 1n a generic and descriptive
sense only and not for the purpose of limitation. Accordingly,
the invention 1s therefore to be limited only by the scope of the
appended claims.

The mvention claimed 1s:

1. A downhole submersible pumping system disposable 1n
a cased wellbore comprising;:

an elongated housing having a first end and a second end;

a piston formed for coaxial movement within the housing,

said piston having a first side and a second side;

an expandable fluid disposed in the housing in pressure

contact with the piston first side;

an inlet 1n the housing formed to receive wellbore fluid

within the housing and to be 1n pressure contact with the
piston second side;

an outlet 1n the housing formed to discharge wellbore fluid

from the housing; and

a heat source 1n thermal communication with the expand-

able fluid, wherein expansion of the expandable fluid 1n
response to the applied heat source urges the piston
towards the outlet.

2. The pumping system of claim 1 wherein the portion of
the housing between the piston first side and the housing first
end defines an expandable fluid section and the portion of the
housing between the piston second side and the housing sec-
ond end defines a wellbore fluid section.

3. The pumping system of claim 1, further comprising a
discharge line connected to the outlet, wherein the discharge
line 1s configured to deliver wellbore fluid from the well.

4. The pumping system of claim 3, further comprising a
one way valve 1n the discharge line.

5. The pumping system of claim 2, further comprising a
resilient member disposed 1n the wellbore fluid section con-
tactable with the piston second side.

6. The pumping system of claim 3, wherein the resilient
member comprises a spring.

7. The pumping system of claim 1, further comprising a
one way valve disposed in the inlet.

8. The pumping system of claim 1 turther comprising a seal
disposed between the piston and the housing.

9. The pumping system of claim 1, wherein the expandable
fluid comprises a silicon based tluid.

10. The pumping system of claim 1, wherein the coefficient
of thermal expansion of the expandable fluid 1s at least about
0.0005 in*/in°/° .

11. The pumping system of claim 1, wherein the wellbore
fluid 15 selected from the group consisting of water, liquid
hydrocarbons, and hydrate.

12. The pumping system of claim 1, wherein the heat
source comprises an electrical resistance wire disposed 1n the
housing.
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13. A method of pumping flmd from a wellbore compris-
ng:

disposing a pumping system into the wellbore, wherein the
pumping system comprises a housing having a motive
fluid section and a working fluid section, a piston recip-
rocatingly disposed 1n the housing and separating the
motive fluid section from the working fluid section, an
expandable flud disposed 1n the motive fluid section;

admitting wellbore fluid 1nto the working fluid section; and

heating the expandable fluid thereby expanding the
expandable fluid to urge the piston into the working tluid
section, thereby forcing wellbore fluid from the working,
fluad section out of the housing into a discharge line.

14. The method of claim 13, wherein the step of heating the
fluid comprises supplying electrical power to an electrical
heater submerged 1n the motive fluid section.

15. The method of claim 13 wherein the expandable fluid
comprises silicon based flud.

16. The method of claim 13 wherein the coelficient of
thermal expansion of the expandable fluid 1s at least about
0.0005 in’/in’/° F.

17. The method of claim 13 further comprising cooling the
expandable fluid after the heating step for a selected time
period.

18. A wellbore assembly having a wellbore lined with
casing, and perforations providing fluid communication
between a hydrocarbon producing zone and the wellbore, and
a pumping assembly disposed in the wellbore, the assembly
comprising:

a pump housing having a piston coaxially slideable within
the pump housing, wherein the piston separates the
housing mto an expanding fluid section and a working
fluid section;

an expansible tluid provided 1n the expanding tfluid section;

an mlet valve configured to allow selective ingress of well-
bore fluid into the working fluid section when working
fluid section pressure 1s less than wellbore pressure;

an outlet valve 1n the housing to allow wellbore fluid to be
discharged from the working fluid section when work-
ing tluid section pressure exceeds wellbore pressure;
and

a heat source 1n thermal communication with the expansive
flud.

19. The wellbore assembly of claim 18, wherein the expan-

stve tluid comprises silicon based fluid.

20. The wellbore assembly of claim 18, wherein the heat
source comprises an electrical heater element submersible 1n
the expansible fluid.

21. The wellbore assembly of claim 18, further comprising,
a discharge line leading from the outlet valve to the upper end
of the wellbore.
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